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I. Intggduction ' |
we were charged in essence with the problem "Is something wrong with

c/M and 1f 80, what?"
The first step in coming to grips with this question is to agree to

methods for evaluating the system. Since the eénd result is a photographic

image we must construct an objective quantitative measure of image quality.
Against this standard the performance of the system must be measured and the
\\\‘bserved image compared with the one to which the system is designed - 1n-

cluding effects of atmosphere, image motion and film processing and
sensitivity in addition to the lens system.

CIf all of these factofs are fully understood and the design performance
is achieved, then we conclude C/M is a satisfactory systen in the sense we

- have given it a test and it has passed. There is a bigAquestipn of course}

t' o have we given the right test, i.e.,. the most useful one from the viewpoint!-'“j:> -
; of the mission“we ‘want "C/M to accomplish? In more specific terms we spéakjof -
the oﬁtical transfer function or the sine wave response cﬁrve't (k) as a'v

function of spatial frequency k as the most convenient meeting ground between -
: design and performance. In the engineering design of an optical system one
seeks maximum resolution in lines/mm by keeping t (k) as large as possible in
. the region of high ke
" It is the primary concern of this Committee to determine to what extent
the design t (k) is achieved by the system 1p practice. On the other hand, |

there are users' criteria of quality and one might benefit for intelligencé

pwrposes by trading off, for example, some resolution in order to achieve
higher contrast - this is a human factor involving the PI's. This question R
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of the optimum design of a transfer function for the 1ntelligence community ; -

is a corollary and also vital problem. . S } L 4 yi(r}:
"1/"( A a-baras )ffuf! Py u),»uo «'\QP’O’?T [ . .

4 The-firsi-sectionlof—our-report-is=devoted—to the question of constructing ; P

R an objective measure of image quality that is both useful and experimentally

féasible; In practice, in the real world, there are many parameters affecting

the performance which cannot be precisely specified. The transfer function,

t (k), is a product of four components
B ' ' -

T (k)= b (k) t (k) t (k) t (k) Do
atmosphere image motion optics film, P

and uncertainties in these individual factors make it impossible for us to

say that the system passes any test perfectly. [Wb also recognize that this
characterization of performance by t (k) is incomplete since granularity is

not taken into account. Io these discussions we assume the slow, fine grained
£ilm 4404 now in use is a fixed parameter of the system./ Rather we musti o
content ourselves by reporting it to perform within a certain quality range. | =
The more we can sharpen up the individual factors the more precise will be ‘

f our understanding of the system. This calls for a Mbasurement Program =

P
’)L,,(/i /r».J. “ /\‘ /(v(//g,b ] L.\,\ ‘( L,.‘) i

which is thodsubject of -Section-II=of~our report. Engineering passes over

-l ' known design targets in known weather conditions are one aspect. Another very -

lii . ..  important one is an in-flight measurement program to determine, for example,
e what ‘the effect of the in-flight environment is on the optical focus - one

B - area of particular concern being the possible focal errors introduced by -
thermal gradients and transients in the camera barrel and lens system. WQ . : 'j,ﬂ

" do not here attempt a detailed design study but we indicate the types of |

'meésurements‘felt to be most desirable and which can be made on ground or in

‘f " orbit without substantially conflicting with the operational goals of the_ |

C/M missions. L
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AS a general remark we add our very strong conviction of thé need for
instifuting with great urgency a pr;)gram of mission measurements and analyses |
tp héip idenﬁi"y the causes degfading most of the ﬁaage quality obtained thus
far - or to verify by establishing a lack of corrleation between the image
quality and the moni tored barameters that the present quality is typical o?
what is to be expected. ; | .

In view of the extremely limited technical feedback as to the performance
'\of\components in flight to the systems designers, it is amazing to those of

us on the "outside" how well C/M has done so far. Nevertheless, there are ma,‘jor

performance variations which follow no-understood pattern from one mission to

' the next. In its best moments C/M has performed very well, indicating that

' improiréments to a higher level of reliability should be possible. The urgency
of a measurement program and of timely systematic performance analyses to
enable the deéigners to achieve possible improvements cannot, therefore,

be overemphasized-in- this report!
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II1, Outline gf Repgrt Lot j?
A. Objgctlve Measures of Image Quality =. ~5i o K - :d.% .

1. Discusstomof Eﬁge measurement techniqpcs for determining the

“optical transfer function.

‘The aim here is to provide a reliable and reproduclble

“eanonical® technique for accurately measuring t (k) parti-
%" . _'A) - cularly for high spatial:frequencies‘(say 10 £t ground

- | resolution or 100 L/mm). We want to know t (k) for two ;

' | reasons. By comparing phe measured t (k) with the value to |
which the system is designed we can hope to answer whether

the photography obtained is all that e canﬁgkpectgérom c/M-

‘ or whether there is a loss of resolution due to shortcomings i

of the systcm. Since the atmosphere's transfer function cnte;s "_ ]

into this compsrison it too must be measured or calculated/ax

‘iﬁlor1n01ple és discussed further 1n Sectlon D the onl; signlficant }

' m X XX X R X 3 K R K
contrast and t(k) \ effect of atmospheric haze on C/M photography is a DC reduction of
is independent of Y SeBHIFHXBIX /A second major reason for finding t (k) is to
! this and therefore ‘

i of the atmosphere./determine ultimately the trade off between resolution, say in

. L/mm, vs film graininess, vs contrast measured D - D

: /’ g ’ ‘ bymax in
when it comes to optimizing a system with regard to the users'
| _ “f‘“" " 7 ability to gain intelligence value from the photography.

The practicability of microdensitometric edge measurements ; ot

for a routine evaluation of photography at high resolution in

order to determine t (k) must still be established. As a rela- 1 .

tively new technique it is still fraught with practical diffi-

culties and potential dangers. It presents no theoretical

b
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H
pfoblems, however.. §uifable edges fcr,the‘scale of c/M _.
:‘”'ﬁ:‘ photography are found in nature in the form of large airfield. s
. landing strips and for ‘special tests can be conveniently : %
} SR S _prov1ded by a target layout on the ground.
| | In order to demonstrate practicability of edge measure- E
, : ments for 100 Lines/mm analysis a long-range industrial o
\\\;\\- program is in progress and full support to continue and '
- —TTTT éxpand it is recommended. Its development goals should be
- e
1) Establish reliability by compﬁring recent measure- E
ments of t (k) from edge scans to results from _
| sine wave targets. The resulting modul#tion trans- ‘
- o --  fer function should be combined with a film modula- e ]
| tipn threshold curve t6 predict the resolution in % |
o Lines/mm for direct experimental,compérison.
2) Compare and standardize different u-densitometer ;
slits, determining optimal dimensions and data ,
handling methods.
32 Determine practicability of the method in terms of
o e number of man-hours involved‘per edge for a reliable
scan. | '
Toward these ends we recommend that there bé _ ;
a) Initiated both at Westover and NPIC a program of
selecting and measuring edges on new mission
material (and on past material if warranted by
}t_>';z_; ‘;;;;: | % success of the above program) béth to advance thé
;L 85801 | - SPE{::DAL HANDLING B (g‘:'“x
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;;‘ , confidence in and reliability of edge measure- 3
L . R ' R S g
i ments and to accumulate data on C/M performance. L .;v'-,
. : !; .
‘and b) Constituted a working group including representa- P
~ tives of principal laboratories to carry out a ,_ 3 N
standardization study on edge measurement techniques. ;
This activity should not be bound by: security re- | '
3
T _ strictions but should operate as an industrial ‘ o
- cooperation oriented by a work statement for such ' .
, i
a study from this Committee. , .
' r .’
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2. Visuél comparison of photography of unknown quality with photoQ

graphy of known quality as obtained by the same opt1ca1 system.'

This technique of subjective quality comparators or "GEMS"
(gfaded Estimated b_geasuring Samples) for» Judging image quality
is of great interest because there are no standard resolution
. targets in oﬁerational photography and the -edge scan measure-
ments are still of uncertain merit. Moreover coinparative
analysis of properly prepared GEMS may provide some valuable N
input into a human equation for the optimum photography for ﬁs:e
of the intelligence community. . ‘
The first use of such photographic comparators is for en-
gineering evaluation. ‘I'hey will be designed to permit the.
observer to identify the main characteristics of quality degra;
dation in the actual picture - whether due to reduction of t (k)
fo; ’};igh k leading to fuzzy edges of high contrast, or non-
optimal processing to high or low average densities which affects |
graininessj or loss of contrast resulting from corona dischargé, "
light leaks, haze, or thin clouds in the presence of which the
edges remain sharp. The observer will identify these q@ity '
characteristics by comparison with a library series of GEMS that
can be brought to adjacent positions in sequence by a comparison
eyepiece. He can also rate the photography by a resglution level

in L/mm for 2:1 contrast targets as imaged in the GEMS.
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~ . The second use would be to determine the effects of the -
éi - variables introduced into the GEMS on the value of photographic
material,for intelligence purposes. - To reiterate an earlier j
point - our primary Committee concern is-to determine how weli »
the system produces its design transfer function, but the
~ question of what the transfer function to which the system is

to be optimally designed is a longer-ranged -and corollary

i question, and is discussed in the technical sections.

W . ', o ., ' A comparison technique for assessing the photographic
quality is presented and the basic elements of a GEM library f
are discussed in this report. As a first step in implementiné
this program a simple dual microscope system with a comparisos
eyepiece and a small library'of_GEMS<with varying resolutions

has been prepared.

3. First results of Edge Scan Measurements and visual photograghic
_comparators applied to operational photography.

Edge scan measurements on mission photography have been

‘made with the Eastman Kodak /¢ -densitometer as summarized in
- Figures 1, 2, and 3 where the resolution in L/mm is computed from
T “‘ithe measured transfer function for 2:1 contrast targets.
GEM measurements of the limiting resolutions of scenes in
the close vicinity of these edge scans were made and the corre-
lation with the edge scan results shown in Figure 4. That no

better than a moderate degree of correlation was found indicates

the extreme caution with which these first results must be viewed.
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' The 77 frames of Mission 9056 which were given subjective

e -
MIP (Mission Information Eptential) ratings at NPIC and dis- . T

Cm e o .

cussed and plotted bﬂ caused very great ‘

concern, were compared with the GEMS as shown in Figure 5. -Aj_ : .
lack of correlation is evident - as it is also with the RES - ; 1?’*
(Reciprocal Edge Spread) measurements made at Westover (Figure 6), | 1,.' B
IV e i0onis Thok® thy GEM ntivgy Blac q37h of the s o e Uz 53 405 I/MAM%. |
Furthermore, these two different subjective measures of quality,
_ - Wffﬁ“;f' RES.and MIP, fail to correlate with each other as shown by Figure 7.
; “ | .  : . The conclusion from this is that both MIP and RES measurements
4 | have a presently uhcertain, if indeed any, quantitative value,
The GEM and edge scan measures show some promise but conclusions
- :at this time would be premature and the question of C/M's perfor- . }
o o _ ;mance is still to be decided by continued analyses by edges and

scans and GEMS Mission 9062 is now being analyzed by edge scan o

and GEM ratings.
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l. In-flight measurements for obtaining englneering data to check

|
: P
on'system performance in the operational,environment and to . e
| |

I A

cprrelate with image quality. ‘ 5

The C/M system is subjected to extensive laboratory tests

on the ground in Boston, Palo Alto, and Vandenberg to check its !

“‘\-\; B operation both before and after thermal-and pressure changes,
T v'in different gravity orientations, and after vibrations. Thesé

tests are designed to cover the range of parameters anticipated

during launch and orbital phases and focal settings must still

e T e heas

be within rigid tolerances.

There is no way of knowing, however, that focal errors

regﬁitihg from thermal gradients and transients do not degrade
Aactual;system performance in flight. No in-flight measnremenf
program exists for determining the temperature inhomogeneities
dnring flight due to sunlangles and camera barrel exposure to
space; and furthermore, there is no in-flight verification tha£

the focal point is at the film. Remedies for these deficiencies

- are proposed. They require a continuing in-~flight measurement

e - program not seriously interfering w1th operational activities.
D Lsqidt o b ,:MMW'”(\AMMAW‘,\
Furthermore, a vigorous and more thorough laboratory study with

a theoretical model is encouraged to complement this program, ; : -_; ;

4 providing more details as to where to put temperature sensors;

on board and pointing the way toward improved thermal control.
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Another recurring plague of C/M photography is corona L
Licbova bor tests - suggesT that 1§ the - O
" discharge. Thes éa:ea’b:ons—‘%?za%—a-f—th vehicle;—-«ané ' o

/

hewee film, were maintained at a pressure of" 20,/¥to 1oo,£< ,; .!-‘M‘?”f”
1nstead of at a.mblent this condition would be controlled. , ‘

- Work 1is in progress to develop sﬁbh a, light weight pressure
system and should be pressed with full support. In view of o

the recurring serious corona problem a suitable system for

maintaining pressures above zq,ﬁi,'even if not an optimal - : |ri'
one, should be introduced in C/M as soon as possible,.along- »
with periodic pressure monitoring. |

r elebeowete ground tests over a broader range of

; . \j parameters for checking film flatness are suggested. These |,

should include a broad temperature range and should be de-

signed to test vibration and post acceleration effects. ' f“~~;-

Direct tests on film properties and sensitometry are

discussed in Section C.
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2;"Eﬁginéering‘passes with daylight4photog:aphyfof design

L - aerial targets. S b R ' ' ' T A
| - It is recommended that these se carried out and the present %i 'i.
program extended until one is driven tolthe-conclusion that the
system is working up to its design potential. Simultaneous re- | g iﬁii
cording of component performahce in the measurement program o
déscribed in the preceding section is necessary to permit degraded‘
imagry to be correlated with faulty components. The résulting .

’i . : ‘ loss of operational coverage resulting from such a program is

both insignificant and a very worthy investment.
A minimal aerial target is designed which perﬁits determination
of the transfer function t (k) from edge measurements on tﬁekscale
T . of C/M photography as well as for any system of comparable of
§F£g£?g:‘;esolution. This detefmination.is independent of any
DC- reductions of contrast such as may be caused by light léaks,
corona fogging, or atmospheric haze.

In view of the recurring serious corona difficulties and

light leaks engineering checks on these factors are also desirable.,
and-may-be=cbtained=in-either or-both-ef—two-weyss A direct

AN ' ) Mwb«l&(

measure of the reduction in contrast resulting from haze is

:"'?- . . . :'. .. (Vu,.\ 1

s%%%sadf a "trusty" recoverable camera is flown in an aircraft at
high altitudes bver the target of known ground contrast at

. L
P SR - approximately the same time as the,satellite engineering pass. ! L
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